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1 1X04^003 
Method and apparatus for detemdrmg a dielectric layer thickness 



The invention relates to a method for detennining a dielectric layer thickness 
comprising the steps of providing an electrically conductive body having a dielectric layer, a 
sur&ce of the dielectric layer being exposed, depositing an electric charge onto the e^osed 
sur&ce thereby inducing an electrical potential difference between the exposed sur&ce and 
5 the electrically conductive body, determining an electrical parameter relating to the electrical 
potential difference, and deriving the dielectric layer thickness £tom the electrical parameter. 

The invention fixrther relates to a method for manufacturing an electric device 
in which such a method is performed. 

The invention relates further to an apparatus for determining the dielectric 
10 layer ttdckness according to such a method. 

WO 02/05963 1 discloses a method for determining a thickness of a dielectric 

layer as described in the opening paragraph. 
IS In the known method, an electric charge dQc is deposited onto the exposed 

sur&ce of the dielectric layer. Due to the deposited electric charge dQc an electrical potential 

difference dV between the exposed surface and the electrically conductive body is induced. 

An electrical parameter relating to this electrical potential difference is determined by a 

Kelvin probe or a Monroe probe and subsequently, the thickness of the dielectric layer is 
20 determined fiom the electrical parameter. The electrical parameter may be the electrical 

potential difference dV itself or alternatively, e.g., a leakage current through the dielectric 

layer. The leakage current may be time dependent 

It is a disadvantage of the known method that the thickness of the dielectric 

layer cannot be determined when the dielectric layer is separated fiom the electrically 
25 conductive body by at least one further dielectric layer. 
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It is an object of the invention to provide a method, which is suited to 
detennine the thickness of the dielectric layer when 1b& dielectric layer is separated jBrom the 
electrically conductive body by at least one fijrther dielectric layer. 

The invention is defined by the independent claims. The dependent claims 
5 define advantageous embodiments. 

The invention is based on the insight that in the known method the thickness 
di of Ifae dielectric layer cannot be determined when the dielectric layer is separated from the 
electrically conductive body by at least one further dielectric layer because electrical 
parameter is then a function of the thickness di and the thickness 62 of the at least one ftirther 
10 dielectric layer. In the remainder of this document the at least one further dielectric layer is 
often referred to simply as the further dielectric layer. When the at least one further dielectric 
layer comprises more than one layer, the thickness di comprises the thickness of each of 
these layers. By performing the measurement, measurement data bemg a finrther function of 
the fliickness di are obtained The measurement data may additionally depend on the 
1 5 thickness di as well provided that the dielectric layer thickness which is selected from the 
thickness di and the thickness da, is derivable fix>m the electrical potential difference and the 
measurement data. This implies that the electrical parameter and the measurement data have 
different functional dependencies on the thickness di and the thickness dz such that at least 
one of the unknowns, i.e. the thickness di and/or the thickness di, can be determined firom the 
20 electrical parameter and the measurement data. 

The measurement may comprise, e.g., a mechanical, optical or electrical 
measurement of the thickness di, the thickness d^ or the thickness di plus the thickness da. 

In the method according to the invention the electrically conductive body may 
comqpiise, e.g., metals, metal allojrs, semiconductors or layers of these materials. The 
25 dielectric layer and the further dielectric layer may comprise any type of electrically 

insulating mat^al such as, e.g., silicon oxide, silicon nitride, tantalum oxide, aluminum 
oxide, barium strontium titanium or hafiiiimi oxide. 

The method according to the invention is further suited for determining the 
thickness da instead of or in addition to determining the thickness di. 
30 The method according to the invention is particularly useful for dielectric 

layers having a relatively small thickness of, e.g., 10 nm or less. In particular for layers of 
such a small thickness altemative techniques are often not reliable and/or accurate. 

hi an embodiment the dielectric layer has a dielectric constant Ei, the further 
dielectric layer has a further dielectric constant 82, and the dielectric layer thickness, e.g. the 
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thickness di, is deteimined from fhe fhickness d2» fhe dielectric constant Ei, the further 
dielectric constant 82, the electdc charge dQc and the electrical potential difference dV. 
Neglecting current leakage through the dielectric layer and the firtther dielectric layer, dV as 
fimction of dQc; wWch is also referred to as the Q-V relatioiisMp, is used 

5 equivalent capacitance density C/A, i.e. the capacitance C per area A. From the equivalent 
capacitance density C/A the thickness di is derivable by using the formula eo A/C=(di/8i + 
d2/£2) where £0 denotes the permitivity of fiee space. When the further dielectric layer 
comprises a stack of n layers where n is an integer larger than one, each of the layers having a 
thickness djH-i with a dielectric constant en-i where i is a positive integer smaller than or equal 

10 to n, the term d2/e2 in the above formula is replaced by the sum of aUtennsd 

current leakage through the dielectric layer and the further dielectric layer cannot be 
neglected, the electrical potential difference depends on time. In this caise the thickness di can 
be determined from, e.g., the measured electrical potential di^ence as function of time by 
analyzing it analogously to the known method. 

1 5 Alternatively, in particular in cases where the thickness d2 is not readily 

available, other methods of performing the measurement may be advantageous which may be 
based on, e.g., the spectral reflectance of the dielectric layer and/or of the further dielectric 
layer. This method of deternoiniiig the thickness di and the thickness d2b^ * 
spectral reflectance is known firom, e.g., US-4,999,509. It involves measuring the spectral 

20 reflectance, i.e. the ratio of the reflected light intensity and the incident light intensity as 

function of the wavelength. The measurement data thus obtained are then analyzed using an 
optimization procedure the outoome of which at least partly depends on the initial parameters 
used in the optimization procedure. Therefore, this technique alone is often not sufficiently 
reliable and/or accurate, in particular when the dielectric layer and the further dielectric layer 

25 are relatively thin, e.g. having a thickness of less than 50 nm such as, e.g. 2 to 10 nm, or 
when the further dielectric layer and the electrically conductive body are separated by an 
additional dielectric layer. When this method is used in combination with the known method, 
the electrical parameter imposes a constraint during the optimization procedure thereby 
largely reducing the above mentioned dependency on the initial parameters used in the 

30 optimization procedure. 

It is often advantageous if after depositing the electric charge dQc and 
determining the electrical parameter, and prior to performing the measurement, the dielectric 
layer is at least partly removed to e^spose a fiirther sur&ce of the further dielectric layer. 



4 17,04.2003 
When fhe fijrther dielectric layer comprises moie than one layer, the iipper of these layers, 
i.e. fixe layer in direct contact with the dielectric layer is exposed. In this way it is possible to 
perform the measurement on the exposed part of the further dielectric layer, i.e. at a position 
where the dielectric layer is absent As a consequence, the measurement data relate to a 

5 relatively small extent to the thickness di, allowing for computationally relatively easy 
determination of the thickness di. When partly removing the dielectric layer, it is preferred 
that the measurement data relate to the thickness di as little as possible, i.e. not at all. 

In this case it is further advantageous if the thickness da of the exposed part of 
the further dielectric layer is remaining substantially constant during the step of at least partly 

10 removing the dielectric layer because the measurement data then directly relate to the 

thickness dz. When a part of the further dielectric layer is removed as well during the step of 
at least partly removing the dielectric layer, the remaining e>qK>sed fiirther dielectric layer is 
thinner than the further dielectric layer when determining the electrical parameter. For a 
reliable determination of the thickness di this reduction of the thickness da has to be taken 

15 into account which conqplicates the execution of the method according to the invention. 

In many cases it is advantageous if the step of at least partly removing the 
dielectric layer comprises an etching step because for many material combinations etching 
recipes ate known which allow for selectively removing at least part of the dielectric layer 
while keeping the thickness di substantially unchanged. 

20 When at least partly removing ihe dielectric layer to at least partly eiqpose the 

further dielectric layer it is further advantageous if perfomiing the measurement comprises 
the sub-steps of depositing a further electric charge onto the further eiq>osed surface thereby 
inducing a ftarther electrical potential difference between the further e3q)osed surface and the 
electrically conductive body, and determining a finiher electrical parameter relating to the 

25 further electrical potential difference, the measurement data comprising the fimher electrical 
parameter. In this embodiment of the method according to the invention the thickness dz of 
the exposed further dielectric layer is determined in a way analogous to the known method 
which has the advantage that the thickness dz is determined relatively accurately, in particular 
when the thickness dz is relatively small, e.g. below 50 nm. For such a relatively small 

30 thickness alternative methods often do not have the required accuracy. 

In another embodiment of the method according to the invention the 
electrically conductive body and the further dielectric layer are separated by an additional 
dielectric layer, i.e. the dielectric layer, the finiher dielectric layer and the additional 
dielectric layer initially form a stack, and the measurement data relate to a thickness 43 of the 
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additional dielectric layer. When leakage cunents Unrough the dielectric layer, the further . 
dielectric layer and the additional dielectric layer can be neglected, the thickness di is readily 
derivable from the formula 86 A/C={di/8i + da/ei + da/Es) where 83 denotes the dielectric 
constant of the additional dielectric layer and A/C is the inverse of the equivalent capacitance 
5 density C/A. 

It is often preferred if the thickness 62 and the thickness da, if present, are 
determined as well when executing the method according to the invention. 

Alternatively, in particular in cases where the thickness di and/or the thickness 
da are not readily available, other methods of performing the measurement may be 

10 advantageous which may be based on, e.g., the spectral reflectance of the. dielectric layer 
and/or of the fiurther dielectric layer. 

In many cases it is advantageous if performing the measurement comprises 
determining a spectral reflectance of the exposed sur&ce and/or of afiirther exposed sur&ce 
of the further dielectric layer. This method is well known in the art and by combining it with 

15 the method known firom WO 02/059631, the ambiguities in analyzing the data by this method 
are reduced as e:q>lamed above. The ccnnbination of the method known from WO 02/05963 1 
with the method of determimng the spectral reflectance is in particular advantageous when 
the electrically conductive body and the further dielectric layer are separated by an additional 
dielectric layer. It is often impossible to use the latter method alone on a stack comprising 

20 three or more dielectric layers whereas this is possible using the method according to the 
invention. 

In one embodiment, the spectral reflectance data of the entire stack of the at 
least three layers are analyzed using the det^mined electrical parameter as a constraint in the 
analysis. In another embodiment the dielectric layer is at least partly removed after having 

25 determined the electrical parameter the ftirfher dielectric layer is at least partly exposed prior 
to performing the measurement of fhe spectral reflectance of the at least partly eiqiosed 
further dielectric layer. This latter embodiment has the advantage that the analysis of the 
spectral reflectance data is relatively easy because it involves only two instead of three 
dielectric layer, i.e. only the further dielectric layer and the additional dielectric layer. 

30 The method for determining the dielectric layer thickness is advantageous 

when executing a method for noianufacturing an electric device comprisimg an electrically 
conductive body having a dielectric layer, the dielectric layer being separated from the 
electrically conductive body by at least one further dielectric layer. The method of 
manufacturing an electric device comprises the stq)s of providing the electrically conductive 
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body vn&i the at least one further dielectric layer, providing the at least one further dielectric 
layer with the dielectric layer, and performing the method for detemmiing the dielectric layer 
thickness according to the invention for monitoring the steps of providing the electrically 
conductive body with the at least one further dielectric layer and/or of providing the at least 

5 one further dielectric layer with the dielectric layer. 

Many electric devices such as, e.g., transistors have a dielectric layer which 
may be, e.g., a gate dielectric arranged between a semiconducting substrate and a gate 
electrode, or and inter-gate dielectric arranged between a floating gate and a control gate in a 
non-volatile memory device. Often, these dielectric layers comprise two or three, sometimes 

10 even more, separate layers stacked onto each other. Examples are stacks of layers of silicon 
oxide and silicon nitride, which are often singly referred to as an ON layer, and of silicon 
oxide, silicon nitride and silicon oxide, which are often simply referred to as an ONO layer. 
Other examples are stacks of layers at least one of which concq[>rises a dielectric material 
having a dielectric constant higher than that of silicon dioxide such as, e.g., tantalum oxide, 

IS hafhium oxide, zirconium oxide and aluminum oxide. These materials, whicb in the art are 
referred to as high-k materials, often cannot be in direct contact with semiconductors or 
metals. Th^efore, they are often applied in stacks comprising, e.g., a silicon oxide layer 
interposed between the high-k material and the electrically conductive body. 

To obtain a reliable electric device each of the dielectric layers in the stack has 

20 to have a thickness within a particular range. During manu&cture of electric devices the 

thickness of each of these layers has to be monitored accurately. It is then preferred that the 
thickness di and the thickness ds, if present, are determined as well when executing the 
method according to the invention. 

Performing the method for determining the dielectric layer thickness according 

25 to the invention during the manufacture of an electric device has the advantage that the 

dielectric layer, the fiurther dielectric layer and the additional dielectric layer, if present, can 
be formed subsequent^ in one tool without the need of removing the conductive body after 
depositing one of the dielectric layers for measurement purposes before forming the 
subsequent dielectric layer. 

30 According to the invention the dielectric layer thickness may be determined on 

a separate electrically conductive body such as, e.g. a test wafer which is processed at the 
same time in the same chamber as one or more other electrically conductive bodies 
comprising the pre-fabricated electric device. Alternatively, the dielectric layer thickness may 
be determined on the same electrically ponductive body which comprises the pre-fabricated 
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electric device. The latter embodiment is preferred in process in which the electrically 
conductive bodies are processed one by one, so called ^gle wafer processing. 

The apparatus for determining the dielectric layer thickness according to the 
method of the invention comprises a charge source for depositing the electric charge, a 
5 measuring device for determining the electric parameter relating to the electrical potential 
difference, and a signal processor means for determining the dielectric layer thickness fix)m 
the electrical parameter and the measurement data. Preferably, the signal processor is 
arranged to determine the thickness di, the thickness d2 and the thickness da, if applicable. 

10 

These and other aspects of the method and the apparatus for determining the 
thickness of the dielectric layer, and of the method for manu&cturing an electric device 
according to the invention will be finiher elucidated and described with reference to the 
drawings, in which: 

1 5 Fig. 1 is a schematic drawing of a cross section of the apparatus for 

determining the dielectric layer thickness, and 

Figs. 2A— 2D are cross sections of the electrically conducting body at various 
steps of an embodiment of the method for manufacturing the electric device. 

The Figures are not drawn to scale. In general, identical components are 
20 denoted by the same ref^ence numerals. 

The method for determining a dielectric laya thickness coxnpnses the steps of 
providing an electrically conductive body 11 shown in Fig. 1 which may be, e.g., a silicon 

25 wafer, a silicon on insulator wafer or a gallium arsenic wafer. The electrically conductive 
body 1 is held by and electrically cotmected to a conductive vacuum chuck ISwhichis 
electrically connected to ground potential The electrically conductive body 1 1 has a 
dielectric layer 13 which may be composed of any type of electrically insulating material 
such as, e.g., silicon oxide, silicon nitride, tantalum oxide, aluminum oxide, ha&ium silicate, 

30 zirconium oxide, lanthanum oxide, praseodium oxide (PriOa), barium strontium titanium or 
hafiiium oxide. The dielectric layer 13 is separated from the electrically conductive body 1 1 
by at least one further dielectric layer 3 which may be composed of any type of electrically 
insulating material such as, e.g., the materials mentioned above in relation to dielectric layer 
13. The dielectric layer 13 has a surface 15 which is exposed. 
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In a step of the method according to the invention an electric charge dQc is 
deposited onto the exposed sur&ce 15 thereby inducing an electrical potential difference dV 
between the exposed sur&ce 15 and the electrically conductive body 11. The electrical 
potential difference dV is a function of the thickness di of the dielectric layer 13 and the 

5 thickness di of the furttier dielectric layer 3. 

The apparatus 10 for determining the dielectric layer thickness shown in Fig. 1 
is similar to that shown in Fig. 1 of WO 02/05963 1. It comprises a charge source 16 for 
depositing the electric charge dQc. The charge source 16 may be, e.g., a corona discharge 
source including a coiona charging wire 14a which receives a high voltage potential of either 

10 a positive or negative polarity and a corona-^xmfining electrode ring 14b, e.g., a metal ring, 
held at ground potential or a bias. Preferably, the charge source 16 is able to deposit the 
charge dQc uniformly on the sur&ce 15 of the dielectric layer 13, preferably within a radius 
of about 6 to about 10 mm. The corona discharge source is able to produce a controlled ionic 
discharge flux (ionic) current suitable for depositing the electric charge dQc. The flux may be 

15 adjustable and range, e.g., from about 10"^ to about 5 x 10"^ A cm'^. 

Preferably, the amount of the deposited charge dQc is relatively small, e.g. 
determined by the above specified flux which is deposited during less than, e.g., 30 seconds. 
In this way the amount of charged traps generated in the dielectric layer 13 and the further 
dielectric layer 3 due to the current leakage is reduced which enhances the accuracy of the 

20 method. The amount of tihe electric charge dQc deposited may be controlled by adjusting the 
high voltage potential, the height of corona electrode above the wafer, and/or the bias voltage 
applied between the corona charging wire 14a and the ion flux confining electrode 14b. The 
charge source 16 is able to deposit either a positive or negative charge on the surface 15. 
Preferably, the charge source 16 charges the sur&ce 15 with a positive corona discharge 

25 because a negative corona discharge is more difScult to control with respect to charging 
unifomiity. 

In a subsequent step an electric parameter relating to the electrical potential 
difference dV due to the deposition of the electrical charge dQc is detennined. To this end 
the apparatus 10 further comprises a measuring device 22 for determining the electrical 
30 parameter relating to the potential difference dV. The potential measuring device 22 may be, 
e.g,, a Kelvin probe or a Monroe-type probe. It is able to determine the electrical potential 
difference dV by measuring the contact potential of dielectric layer 13 with respect to a 
reference electrode 30. Sensors of these types are described, e.g., in the references stated in 



9 17.04.2003 
WO 02/059631, page 9, line 28-31. Typically, fhe electrode 30 is sepaiated fiom the top 
sm&ce of fhe dielectric film 13 by an air g^p of about fiaction of about a millimeter; 
Charge source 16 and measuring device 22 are spaced dpatt fi'om each other on amount at a 
fixed distance xo of , e.g., 2 cm, between their centers. After depositing charge dQc on 
sur^e 15 solenoid 20 is used to translate charge source 16 and measuring device 22 by a 
distance xo such that the measuring device 22 is above the sur&ce 15 previously provided 
with the electric charge dQc. 

When the electrically conductive body 1 1 is a semiconductor, the change of 
the contact potential V measured by the vibrating Kelvin or Monroe electrode is not solely 
determined by the electrical potential difiference dV caused by the deposited electrical charge 
dQc but it is equal to Ihe change in the voltage diop across tiie dielectric layer dV plus the 
change in the semiconductor sur&ce barrier, Vsb, i.e. V= dV+VsB. Preferably, the apparatus 
10 further com^mses light sources 23, 25, preferably green or blue light emitting diodes, to 
illuminate testing site 15 during charging Qigjat source 23) and during measuring, (tight 
source 25) thereby reducing the value of Vsb by coU^sing the sur&ce depletion region in 
case the electrically conducting body 1 1 is a semiconductor. 

The apparatus 10 further comprises a signal processing device 12 which is a 
computer arranged to receive a signal relating to the electrical potential difference. The signal 
processing device 12 is fijrther arranged to control the high voltage of the charge source 16 
and the solenoid 20. 

After determining the electrical parameter relating to the electrical potential 
diEFerence dV the dielectric layer 13 is removed to expose a further sur&ce of the further 
dielectric layer 3 by an etohing step. In one embodiment the dielectric layer 13 is composed 
of silicon nitride, the fijrther dielectric layer 3 is con^sed of silicon dioxide and the etohing 
step comprises a wet etoh in which phosphoric acid, H3PO4, is used as etehing agent Such an 
etohing process is selective towards silicon nitride, i.e. silicon nitride is removed more 
effectively than silicon dioxide. The selectivity is improved by heating the etohing agent and 
is usually greats than 25:1. TlLerefore, the thickness of the e3q>osed part of the fiirther 
dielectric layer is kept substantially constant during tiie step of at least partiy removing the 
dielectric layer. 

The electrically body 1 1 thus obtained has only the further dielectric layer 3. 
In a subsequent step of the method according to the invention a measurement is performed 
for obtaining measurement data being a further fimction of the thickness of the at least one 
further dielectric layer 3. Performing the measurement comprises the sub-steps of depositing 
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a further electric charge dQcF onto a fbrther exposed sur&ce of Ihe fisrther dielectric layer 3 
thereby inducing a further electrical potratial difference dVp between the finrther exposed 
sur&ce and the electrically conductive body 1 1 using the apparatus 10 in an analogous way, 
followed by determining a &rther electrical parameter relating to the further electrical 
5 potential difference dVp. 

The further electric charge dQcp is deposited by charge source 16 and the 
further electrical potential difference dVp is determined by the measuring device 22 in an 
analogous way as described above. The signal processing device 12 is further arranged to 
receive a fiirther signal relating to the measur^ent data, and to determine the dielectric layer 

10 thickness from the signal and ihe further ^gnal. 

In this embodiment the electrical parameter comprises the electric potential 
difference dV, the measurement data comprises the further electrical potential difference dVp, 
and the dielectric layer thickness is derived from the electrical parameter and the 
measurement data where the dielectric layer thickness is selected from the thickness di of the 

15 dielectric layer 13 and the thickness da of the at least one ftirther dielectric layer 3. The 
dielectric layer 13 has a dielectric constant ei, the further dielectric layer 3 has a further 
dielectric constant £2, and the thickness di of the dielectric layer 13 is determined from the 
thickness da of the further dielectric layer 3, the dielectric constant £1, the fruiher dielectric 
constant 82, the electric charge dQc and the electrical potential difference dV. To this end, the 

20 thickness di of the fiurther dielectric layer 3 is determined from the further electrical potential 
difference dVp and the further electric charge dQca? according to the formula 80 A/C^^da/Zz 
where £0 denotes the permitivily of free space and A/Cf is the inverse of the equivalent 
capacitance density derived from dVp as fimction of dQcsF- Subsequently, the thickness di of 
the dielectric layer 13 is determined according to the formula £0 A/0=(di/£i + d2/£2) where 

25 A/C is the inverse of the equivalent capacitance density derived from dV as function of dQc. 
The signal processing device 12 is arranged to solve these two formulas as to provide the 
thickness di and the thickness d2. 

In an alternative embodiment of the method performing the measurement 
comprises determining a spectral reflectance of the exposed sur&ce 15 of the dielectric layer 

30 13. Alternatively, the spectral reflectance may be determined of the fiirthex exposed sur&ce 
of the ftirtiier dielectric layer 3. In these cases the thickness da is determined from Ihe 
measured spectral reflectance in a way analogous to US-4,999,509. 
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In anofher embodimeiit the electrically C0nductive body 1 1 and the further 
dielectric layer 3 are separated by an additional dielectric layer 33 shown in, e.g.. Fig. 2A. 
The mefliod comprises the steps of depositing the electrical charge dQc (m the esiposed 
surface of tiie dielectric layer 13, determining the electrical parameter relating to Hob 
electrical potential difference dV, partly removing the dielectric layer 13 to expose the fiirther 
dielectric layer 3 which results in the stracture of Fig. 2B, depositing the further electrical 
charge dQcp on the ejqposed surface of Ihe further dielectric layer 3^ and determining the 
further electrical parameter relating to the further electrical potential difference dVp, 
analogous to the embodiment of the method described above. The method fiirther comprises 
the steps of partly removing the fiirther dielectric layer 3 to e^ose .the additional dielectric 
l^er 33 ^ch results in tiie structure of Fig. 2C, d^ositing an additional electrical cbai;^ 
dQcA on the exposed surface of the additional dielectric layer 33, and determining an 
additional electrical parameter relating to the additional electrical potential difference dVA. 
The measureinent data canq;xrise the furtiier electrical potential difference dV^ 
additional electrical potential difiference. dVA. The measurement data are a ftirther function of 
the thickness da of the additional dielectric layer 33. The dielectric It^er thickness is selected 
from the thickness di, the thickness dz and tite thickness ds, and is derived from the electrical 
parameter and the measurement data via tiie following formulas: eo A/CA=d3/e3, e© 
A/CiKd2/e2 + da/Ea) and Eq A/C=(di/ei + dz/e^ + ds/ea), where 83 denotes the dielectric 
constant of the additional layer 33. Here, AJC is the inverse of the equival@at capacitance 
density derived from dV and dQc A/Cb is the inverse of the equivalent c^adtance density 
derived from dVp and dQcp, and A/Ca is the inverse of tiie equivalent «5>acitance density 

derived from dVA and dQcA> 

In an alternative embodiment of the metiiod performing the measurement 
comprises determining a spectral reflectance of the exposed sur&ce IS of the dielectric iay&c 
13. Alternatively, the spectral reflectance may be determmed of Ihe further exposed sur&ce 
15* of the further dielecbic layer 3 and/or of the additional exposed sur&ce 15" of the 
additional dielectric layer 33 shown m Fi^. 2B and 2C, respectively. In these cases flie 
thickness di and/or the thickness da are determined from the measured spectral reflectance in 
a way analogous to US-4,999,509. 

The method of manufecturing an electric device 100 according to the 
invention comprises the steps of providing the electrically conductive body 1 1 with the 
further dielectric layer 3, providing the further dielectric layer 3 with the dielectric layer 13, 
and performing tbe method for deterinining the didectric layer thii^ess accord^ 
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invention. In Ihe embodiment sOiownm 11 isa 

monodystalline silicon wafer wMch prior to providing the further dielectric layer 3 is 
provided with the additional layer 33. After having provided the dielectric layer 13 the 
exposed surface is provided with a layer of polycrystalline silicon which is subsequently 
5 patterned to form the gate layer 2 shown in Fig. 2A. Subsequently, the method for 

determining the dielectric layer thickness as described above is performed for monitoring the 
steps of providing the electrically conductive body 1 1 with the further dielectric layer 3 
and/or of providing the further dielectric layer 3 with the dielectric layer 13. To this end the 
charge dQc is deposited on sur&ce 15 of layer 13 shown in Fig. 2A and the resulting 

10 electrical potential difiference dV is determined. Subsequentiy, part of tiie dielectric layer 13 
is removed to expose surface 15' of the further dielectric layer 3, shown in Fig. 2B, and the 
further charge dQcF is deposited on surface 15' and the resulting fiirther electrical pot^ttal 
difference dVp is determined. In a next step part of the further dielectric layer 3 is iCTioved to 
expose surfece 15" of the additional dielectric layer 33, shown in Fig. 2C, and the further 

15 charge dQcA is deposited on surfece 15*' and the resulting further electrical potential 

difference dVA is determined. Finally, the additional dielectric layer 33 is partly removed to 
expose the electrically conducting body 1 1 and adjacent to the thus formed stack a source 
region 50 and a drain region 51 is formed by implanting ions. 

The electric device 100 obtained in this way and shown in Fig. 2D is a 

20 transistor. It comprises an electrically conductive body 1 1 having the dielectric layer 13, the 
dielectric layer 13 being separated from the electrically conductive body 1 1 by at least a 
furtho: dielectric layer 3. 

In summary, the method for determining a dielectric layer thickness according 
to the invention coxnprises the step of providmg an electrically conductive body 1 1 having a 

25 dielectric layer 13 which is separated from the electrically conductive body 1 1 by at least a 
further dielectric layer 3 and a surface 15 of which is eqK>sed. Onto the exposed surfece 15 
an electric charge is deposited thereby inducing an electrical potential difference between tiie 
exposed surfece 15 and the electrically conductive body 1 1 . An electrical parameter relating 
to the electrical potential difference is determined and a measurement is performed to obtain 

30 additional measurement data relating to a tbdckness of the dielectric layer 13 and/or to a 
thickness of the ftirther dielectric layer 3. In this way the thickness of the dielectric layer 13 
and/or of the further dielectric layer 3 is determined. The method of manufecturing an 
electric device 100 comprises this method for determining a dielectric layer thickness. The 
apparatus 10 for determining a dielectric layer thickness is arranged to execute Urn method 
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It should be noted that the a3K>ve-ineiitioned embodiments illustrsite rather than 
limit the invention, and that those skilled in the art will be able to design noany alternative 
embodiments without departing from the scope of the upended claims. In the claims, any 
reference signs placed between parentheses shaU not be constmed as limiting the claim. The 
word "'comprising^' does not exclude ihe presence of other elements or steps than those listed 
in a claim. The word "a" or "an" preceding an element does not exclude the presence of a 
pluralily of such elements. 
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CLAIMS: 



1 . A method for detemiiiiing a dielectric layer thickness, the method comprisiiig 
the steps of: 

providing an electricaUy conductive body (1 1) having a dielectric layer (13), 
the dielectric layer (13) being separated from the electrically conductive body (1 1) by at least 
S one further dielectric layer (3), a sur&ce (IS) of the dielectric layer (13) being e^osed, 

depositing an electric charge onto the exposed sur£ace (15) thereby inducing 
an electrical potential difference between the exposed sur&ce (15) and the electrically 
conductive body (1 1), the electrical potential difference being a function of a thickness of the 
dielectric layer (13) and a ttdckness of the at least one further dielectric layer (3), 
10 determining an electrical parameter relating to the electrical potential 

difference, and 

performing a measurement for obtaining measurement data being a further . 
function of the thickness of the at least one ftrrther dielectric layer (3), the dielectric layer 
thickness being selected from the thickness of the dielectric layer (13) and the thickness of 
15 the at least one further dielectric layer (3), and i 

deriving the dielectric layer thickness from the electrical parameter and the - 
measurement data. 

2. Amethod as claimed in Qaim 1, wherein the dielectric layer (13) has a 
20 dielectric constant, the further dielectric layer (3) has a further dielectric constant, and the 

dielectric layer thickness is determined fix)m the dielectric constant, the ftcrfher dielectric 
constant, the electric charge, the electrical parameter, and the thickness of the dielectric layer 
(13) or the thickness of the at least one further dielectric layer (3).. 

25 3. A method as claimed in Qaim 1, wherein after the step of deteniiiiiingf^^ 

electrical parameter and prior to the step of performing the measucCTient, the method further 
comprises the step of at least partiy removing the dielectric layer. (13) for exposmg a furllier 
sur&ce (15') of the at least one forther dielectric layer (3). 
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4. A mefhod as claimed in Claim 3, wherein the thickness of the exposed part of 

the at least one fiirther dielectric layer (3) is kept substantially constant during the step of at 
least partly removing the dielectric layer (13). 

5 5. A method as claimed in Claim 3, wherein the step of at least pardy removing 

the dielectric layer (13) comprises an etching step. 

6. A method as claimed in Claim 3, wherein the step of performing the 
measurement comprises the sub-steps of: 

10 depositing a ftiriher electric charge onto the es^sed further sur&ce (15') 

thereby indudng a further electrical potential difference between the further exposed sur&ce 
(15') and the electrically conductive body (1 1), and 

detemmiing a further electrical parameter relating to the further electrical 
potential difference, the measurement data comprising the further electrical parameter. 

15 

7. A method as claimed in daun 1, wherein the electrically conductive body (1 1) 
and the fiirther dielectric layer (3) are separated by an additional dielectric layer (33), the 
measurement data being a further ftmction of a thickness of the additional dielectric layer 
(33), the dielectric layer thickness being selected from the thickness of the dielectric layer 

20 (13), the thickness of the further dielectric layer (3) and the thickness of the additional 
dielectric layer (33), the dielectric layer thickness being derivable from the electrical 
potential difference and the measurement data. 

8. A method as claimed in Claim 3, wherein the step of performing the 

25 measurement comprises the step of determining a spectral reflectance of the exposed surface 
(15) and/or of the further exposed surfice (15'). 

9. A method of manufacturing an electric device (100), the electric device (100) 
comprising an electrically conductive body (11) having a dielectric layer (13), the dielectric 

30 layer (13) being separated from the electrically conductive body (1 1) by at least one further 
dielectric layer (3), 
the method comprising the steps of: 

providing the electrically conductive body (1 1) with the at least one further 
dielectric layer (3), 
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providing the at least one further dielectric layer (3) with the dielectric layer 

(13), and 

perfonning the method for detennining the dielectric layer thickness as 
claimed in Claim 1 for monitoring the stq)s of providing the electrically conductive body 
(11) with flie at least one farther dielectric layer (3) and/or of providing the at least one 
further dielectric layer (3) with the dielectric layer (13). 

10. An apparatus (10) for detennining the dielectric layer thickness according to 

the method as claimed in Claim 1 , the ^paratus comprising: 

a charge source (16) for depositing the electric charge, 

a measuring device (22) for determining the electrical parameter relating to. the 
electrical potential difference, and 

a signal processing means (12) for determining tihe dielectric layer thickness 
fiom the electrical parameter and the measurement data. 
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ABSTEIACT: 



The method for detennimng a dielectric layer thickness according to the 
invention comprises the step of providing an electricaUy conductive body (11) having a 
dielectric layer (13) which is separated firom the electrically conductive body (1 1) by at least 
a further dielectric layer (3) and a surfece (15) of ^ch is eqjosed. Onto the escposed surfece 
5 (15) an electric charge is deposited tiieieby inducing an electrical potential difference 
between the exposed surface (15) and the electrically conductive body (1 1). An electrical 
parameter relating to the electrical potential diflFerence is determined and a measurement is 
performed to obtain additional measurement data relating to atiiickness of tiie dielectric layer 
(13) and/or to a thickness of the further dielectiic layer (3). In this way the thickness of the 
10 dielectric 1^ (13) and/or of the further dielectric layer (3) is determined. The method of 
^^nifa^iring an electric device (100) conges this method for determining a dielectric 
layer thickness. The ^aratus (10) for determining a dielectric layer thickness is ananged to 
execute fhis method. 
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